ones. Among the food groups characterizing this dietary pattern, only satisfaction of the criterion for dairy products (< 1 serving/day) was significantly associated with lower odds of being obese. Among other covariates, current smoking was associated with obesity, while high physical activity and regular alcohol drinking were inversely associated. Some differences between men and women in the highest category of occupational status occurred, as the former were less likely, while the latter were more likely to be obese. Conclusions Higher adherence to the Mediterranean diet as a whole dietary pattern, rather than its individual components, is associated with less likelihood of being obese. Level of evidence Level V, cross-sectional descriptive study.
cardiovascular diseases, diabetes, musculoskeletal disorders, and some cancers [1] . Recent studies show that the negative consequences of obesity are attributable to the accumulation of abdominal fat, which is a strong predictor of metabolic disorders and premature mortality [2] . Obesity and overweight are a major public health problem in most countries: the prevalence of obese/overweight is sharply increasing in the world, and according to the World Health Organization, by 2025, the worldwide prevalence of obesity will reach 18% in men and 21% in women, while severe obesity will reach 6% in men and 9% in women [3, 4] .
In recent years, studies on the Mediterranean diet have shown an effective benefit of this dietary pattern for human health. There is evidence that the Mediterranean diet has beneficial effects toward cardiovascular diseases [5, 6] , metabolic disorders [7, 8] , diabetes [9] , obesity [10] , and some cancers [11, 12] . The traditional Mediterranean diet is characterized by high consumption of fruits and vegetables, which are rich in fiber, antioxidant, vitamins, and phenolic compounds [13] [14] [15] ; consumption of olive oil, fish, and nuts, which rich in mono-and polyunsaturated fatty acids (MUFA and PUFA, respectively) [16, 17] ; moderate consumption of alcohol, which has been considered beneficial for cardiovascular health [18] ; and low intake of meat and sweets, which are sources of saturated and trans-fatty acids. Among the many potential mechanisms, some studies suggest that the Mediterranean diet has an impact on body composition and body fat [19] ; in fact, despite the Mediterranean diet is considered a "high-fat diet", observational and intervention studies have shown that adherence to this dietary pattern was associated with a lower risk of overweight/obesity and a greater weight loss compared with control diets [20, 21] .
People living in Mediterranean countries adopted the Mediterranean diet in the past centuries, but globalization and cultural progress have pushed these populations to other Westernized food choices, fast foods, processed foods, and sugary beverages [22] [23] [24] . Furthermore, recent studies show that the current economic situation of the Mediterranean population pushes them to buy unhealthy products that cost less than traditional local foods [25] . As recent reports have shown particularly high trends in obesity prevalence in southern European regions, including Italy, it is of interest to evaluate whether individuals living in the Mediterranean regions are still adherent to the Mediterranean diet and whether it is associated with any benefits toward obesity-related parameters. Thus, the aim of this study was to evaluate the association between the Mediterranean diet and obesity.
Methods

Study design and population
The MEAL (Mediterranean Healthy Eating, Ageing, and Lifestyle) study is an observational study primarily focused on nutritional habits and their relation with a cluster of lifestyle behaviors characterizing the classical Mediterranean lifestyle. The baseline data comprised a random sample of 2,044 men and women aged 18 or more years, stratified by gender and 10-year age groups, randomly selected in the main districts of the city of Catania, southern Italy. The sampling was performed between the years 2014 and 2015 through the selection among the lists of registered patients of a pool of general practitioners. Full details of the study protocol are published elsewhere [26] .
Compliance with ethical standards
All participants were informed about the aims of the study and provided a written informed consent. All the study procedures were carried out in accordance with the Declaration of Helsinki (1989) of the World Medical Association. The study protocol has been approved by the concerning ethical committee.
Data collection
An electronic data collection was performed by face-toface computer-assisted personal interview through the use of tablet computers. Participants were provided of a paper copy of the questionnaire to visualize the response options, but the final answers were filled by the interviewer directly on the digital device (tablet computer). The demographic data included gender, age at recruitment, latest educational degree achieved, occupation (specifies the character of the most important employment during the year before the investigation) or last occupation before retirement, and marital status. Educational status was categorized as (1) low (primary/secondary), (2) medium (high school), and (3) high (university). Occupational status was categorized as (1) unemployed, (2) low (unskilled workers), (3) medium (partially skilled workers), and (4) high (skilled workers). Physical activity status was evaluated through the International Physical Activity Questionnaires (IPAQ) [27] , which comprised a set of questionnaires (five domains) investigating the time spent being physically active in the last 7 days: based on the IPAQ guidelines, the final scores allows to categorized physical activity level as (1) low, (2) moderate, and (3) high. Smoking status was categorized as (1) non-smoker, (2) ex-smoker, and (3) current smoker. Alcohol consumption was categorized as (1) none, (2) moderate drinker (0.1-12 g/ day), and (3) regular drinker (> 12 g/day).
Dietary assessment
Food intake was evaluated through a validated food frequency questionnaire FFQ that have been previously tested for validity and reliability for the Sicilian population [28, 29] . Following the identification of the food intake, the energy content as well as the macro-and micro-nutrient intakes were obtained through comparison with food composition tables of the Research Center for Foods and Nutrition [30] . Macro-and micro-nutrient intakes were adjusted for total energy intake (kcal/day) using the residual method [31] . Intake of seasonal foods referred to consumption during the period in which the food was available and then adjusted by its proportional intake in 1 year. FFQs with unreliable intakes (< 1000 or > 6000 kcal/day) were excluded from the analyses (n = 230) leaving a total of 1,814 individuals included in the analysis.
Adherence to the Mediterranean diet
The Mediterranean diet adherence was assessed through the score based on existing literature (MEDI-LITE score) [32] : briefly, a scoring system was built weighting all the median (or mean) values for the sample size of each study population and then calculating a mean value of all the weighted medians; hence, two standard deviations were used to determine three different categories of consumption for each food group. For food groups, typical of the Mediterranean diet (fruit, vegetables, cereals, legumes, and fish), 2 points were given to the highest category of consumption, 1 point for the middle category and 0 point for the lowest category. Conversely, for food groups not typical of the Mediterranean diet (meat and meat products, dairy products), 2 points were given for the lowest category, 1 point for the middle category and 0 point for the highest category of consumption. For alcohol, categories related to the alcohol unit (1 alcohol unit = 12 g of alcohol) were used by giving 2 points to the middle category (1-2 alcohol units/day), 1 point to the lowest category (> 1 alcohol unit/day) and 0 point to the highest category of consumption (> 2 alcohol units/day). The final adherence score comprised nine food categories (including olive oil) with a score ranging from 0 point (lowest adherence) to 18 points (highest adherence). Considering that in our cohort, we registered an average high adherence to the Mediterranean diet, we categorized the score as (1) low-tomoderate and (2) high adherence to the Mediterranean diet, with a cut-off point of ≥ 15.
Anthropometric measurements and outcome ascertainment
Anthropometric examinations were collected using standardized methods. Height was measured to the nearest 0.5 cm without shoes, with the back square against the wall tape, eyes looking straight ahead, with a right-angle triangle resting on the scalp and against the wall. Body mass index (BMI) was calculated, and patients were categorized as under/normal weight (BMI < 25 Kg/m 2 ), overweight (BMI 25-29.9 Kg/m 2 ), and obese (BMI > 30 Kg/m 2 ) [33] . Waist circumference (WC) (centimeters) was measured midway between the 12th rib and the iliac crest and hip circumference (centimeters) around the buttocks, at the level of the maximum extension. Waist-to-hip ratio (WHR) was then calculated.
Statistical analysis
Frequencies are presented as absolute numbers and percentages; continuous variables are presented as means and standard deviations. Difference in distribution of background characteristics and mean micro-and macro-nutrient and food group intakes was tested between obese and non-obese individuals: differences between groups were compared with Chi-square test for categorical variables, Student's t test and ANOVA for continuous variables distributed normally, and Mann-Whitney U test and Kruskal-Wallis test for variables distributed not normally. Analyses were provided either for total population and for individual sexes. Multivariate logistic regression analyses were used to test association between high adherence to the Mediterranean diet and obesity, adjusting for variables potentially related to the outcome. All reported P values were based on two-sided tests and compared to a significance level of 5%. SPSS 17 (SPSS Inc., Chicago, IL, USA) software was used for all the statistical calculations.
Results
More than half of the sample (59.1%) was composed by women; out of the entire cohort, the 52.1% had excess weight (64.7% of men and 45.5% of women), divided into overweight (34.5% of the total cohort, 48.1% of men, and 25.1% of women) and obese (17.6% of the total cohort, 13.6% men, and 20.4% women). The background characteristics of the 1,814 study subjects are given in Table 1 . Among obese, there was a higher prevalence of individuals with low educational status, married, non-smokers, low and moderate physically active, moderately alcohol consumer and low adherent to the Mediterranean diet, while there were no differences based on occupational status. When checking for differences separately by sex, educational status, marital status, alcohol consumption were significant only among women, while occupational status, smoker status, physically active, and adherence to the Mediterranean diet were significant for both sexes.
Dietary variables by obesity status are presented in Table 2 . There were no substantial differences in food and nutrient intakes between obese and not obese individuals. However, obese had lower intakes of vitamin E, processed meat, alcohol, and white wine compared to non-obese ones. Moreover, some differences occurred when considering results separately from women, as obese were consuming more meat, red meat, and cereals.
A total of 275 individuals (14.1%) scored in the highest quartile of the Mediterranean diet adherence score. The relationship between obesity and high adherence to the Mediterranean diet, including all other background characteristics, is reported in Table 3 . Individuals more adherent to the Mediterranean diet (highest quartile of the score) were less likely to be obese (OR 0.53, 95% CI 0.32, 0.89) despite there were no significant associations when considering men and women separately. The association between individual covariates explored in the study sample and likelihood of begin obesity, total and by sex is shown in Supplementary Table 1 . Among other covariates, women and smokers were more likely to be obese than men non-smokers; there was no association with educational and occupational status as well as for marital status. However, occupational status was inversely associated with obesity in men and directly in women. High physical active and habitual alcohol consumers were less likely to be obese, but the latter only among women.
The association of single Mediterranean diet score components (satisfaction of the criteria according to the score) is showed in Table 4 . The only component that was inversely associated with obesity was dairy product (OR 0.68, 95% Cl: 0.50, 0.92), despite when the analysis was repeated by sex, none of the components were significantly associated.
Discussion
In this cross-sectional study carried out in the Sicilian population, the association of high Mediterranean diet adherence with excess body weight (BMI > 25), overweight and *Differences between groups were evaluated with Student's t test obesity was tested, but the results were significant only with the latter. We hypothesize that general excess body weight and overweight might be unrelated to high adherence to the Mediterranean diet, because this dietary pattern is not; in fact, a low-caloric diet, rather, is high in healthy fats (olive oil as the most consumed) and carbohydrates which may provide load of calories and lead to metabolically healthy weight gain; in contrast, we found an inverse association with obesity, which may be secondary to a worse diet quality, rich in trans-fatty acids, saturated fats (mostly from meat products), and refined flour products. Previous studies exploring the effect of adherence to a Mediterranean dietary pattern on weight status reported mostly an inverse or null association. Higher adherence to the Mediterranean diet has been associated with lower odds of being obese and reduced the risk of obesity in observational studies [34] [35] [36] [37] ; these results have been demonstrated to be duplicable also in non-Mediterranean countries [38, 39] , suggesting that benefits associated with the traditional dietary pattern rely on biological mechanisms besides heritage, lifestyle habits (i.e., sleeping habits) and geographical localization (i.e., sunlight exposure). Comprehensive evidence of literature showed that the Mediterranean diet is associated with better metabolic profile and cardiovascular risk factors in observational and experimental studies [40, 41] . When considering clinical trials, another meta-analysis showed that interventions using the Mediterranean diet led to a reduction in body weight and BMI [42] . Moreover, larger reduction in body weight was observed, where the diets were also energy restricted, included advice to increase physical activity, or had a follow-up longer than 6 months. However, the Mediterranean diet was never associated with an increased weight [42] . In this study, we found an inverse association between adherence to the Mediterranean diet and obesity. Despite with a lesser extent, these results have been found also in younger individuals, with more adherent adolescents having less body fat [43] [44] [45] [46] ; however, in a pan-European investigation on children [47] , the best results have been found in participants living in non-Mediterranean countries, suggesting a slow abandonment this dietary pattern in the areas, where it historically characterized the traditional dietary habits [48] [49] [50] [51] . In contrast, the previous studies conducted on the Italian adult population showed that adherence to Mediterranean diet is still adequate among older individuals, implying the important role of diet in maintaining elderly general population health [52] [53] [54] [55] [56] .
The main mechanisms of the retrieved association may be the result of a higher intake of healthy nutrients and a reduced consumption of harmful substances such as red meat, processed meat, and sweets. Despite the Mediterranean diet may be high in fats and carbohydrates, it is important to underline which type of nutrients is mainly represented. The specific fatty acid profile is characterized by MUFA and PUFA, rather than saturated and trans-fatty acids, which have demonstrated beneficial effect toward cardio-metabolic health [57] . The carbohydrates are often derived by whole grain foods and legumes, which are also high in fiber and proteins. Other components of the Mediterranean diet, such as olive oil (rich in MUFA), vegetables, fruits, whole grains, legumes, nuts, and red wine, are rich in anti-inflammatory and antioxidant dietary polyphenols and fiber [58, 59] . Fruit, vegetable, whole grain, and legume consumption have been associated with a reduced risk of overweight/obese, cardiovascular disease, and stroke [60] [61] [62] [63] . Fruit and vegetables are important sources of nutrients, dietary fiber, and phytochemicals and have a low energy density, which may help in preventing weight gain [60, 61] . One of the proposed mechanisms for association between whole grain and obesity is the colonic fermentation of cereal fibers, which leads to the production of short chain fatty acids [64, 65] . Legumes have high protein and fiber content, which may promote weight loss by increasing energy expenditure, inducing thermogenesis induced, and inducing satiety due to reduced digestibility energy availability and lower the glycemic response [62] . In the Mediterranean countries, olive oil is consumed in large quantities: extra virgin olive oil is particularly rich in polyphenolic compounds and antioxidants, which have been associated with lower body weight and may play an important role in the prevention of metabolic syndrome and cardiovascular diseases [66] . Results on alcohol consumption from our study are in line with scientific literature, showing that a moderate consumption of alcohol has been associated with lower incidence rates of obesity, diabetes, and hypertension [67] . However, in our study, we showed that none of the specific food groups characterizing the Mediterranean diet was significantly and independently contributing to the association with obesity, suggesting that all the components may act synergistically rather than individually.
Based on results of this study, obesity was associated with physical activity and smoking habit (in women). It may be hypothesized that lower likelihood of being obese may depend on the adoption of an overall healthier way of life, which associates the consumption of nutritional element characteristic of the Mediterranean diet with a more active life and lack of unhealthy habits. Interestingly, a difference in the association between occupational status and obesity was found between men and women; indeed, among individuals with high occupational status, men were associated with less likelihood of being obese while women with increased odds of being obese. It has been hypothesized that the adoption to a Mediterranean dietary pattern is related to traditional reasons rather than health-related motivation; indeed, a previous study conducted on this cohort suggested that higher education and occupational status were not entirely associated with healthier lifestyles and other unexplored variables 1 3 leading to worse metabolic health may occur on individuals in the higher social categories (i.e., scarce self-care due to poor health knowledge) [68] .
The findings of this study should be considered in light of some limitations. First, the analysis was conducted on a relatively low number of individuals and representative of an urban area; thus, the results are not applicable to the whole Italian population. Second, the cross-sectional design does not allow to define causal relations but only associations, and might be biased by reverse causation (i.e., obese individuals adhere to a more traditional dietary regimen to lose weight). Third, the use of an FFQ may overestimate dietary intake of certain food items, despite adjustment for seasonality was applied. Finally, although we have been taken into account several variables, the potential for residual confounding by uncontrolled covariates may still exist.
Conclusions
In our study, we found that higher adherence to the Mediterranean diet was associated with lower likelihood of being obese in a Sicilian population. The effect of the Mediterranean diet cannot be attributed to one of his food components; in contrast, the positive effect of the Mediterranean diet may depend on the totality of its characterizing foods and the association of these food components with a healthier way of life. Considering the recent trends in abandonment of such traditional dietary pattern, further efforts from public health expert should be considered by enhancing healthy lifestyle habits in line with the traditional dietary patterns.
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